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Method for the quantitative determination of tumor 
cells in a body fluid and test kits suitable therefor 

The invention relates to a method for the 
quantification of tumor cells in a body fluid, in which 
firstly the sample to be examined is subjected to a 
process for the enrichment or depletion of tumor cells 
and a reaction is carried out on the enriched or 
depleted tumor cells in which the mRNA encoding the 
catalytic subunit of the telomerase is specifically 
amplified, and subsequently the amount of amplified 
nucleic acid is determined quantitatively, and to test 
kits suitable therefor. 

Virtually all solid malignant tumors have the 
potential to form metastases. The metastasis process 
comprises the spread of malignant cells as micro- 
m etastases, usually via the blood or lymph to remote 
organs and the development of autonomous secondary 
tumors. The extent of metastasis determines the 

prognosis of an oncosis. 

The requirements of tumor prevention or after- 
care programs are to diagnose primary tumors or a 
recurrence or a metastasis early, even before metastases 
become clinically manifest. This aim cannot yet be 
satisfactorily met with the available instrumental 
techniques; in particular, there is still a diagnostic 

v. i- — +--h^ detection of circulating tumor 
arav zone between the aecectiun 



cells and incipient formation of metastases rn organs 
Early diagnosis of circulating malignant cells, for 
example in peripheral blood of a patient -^going 
tumor aftercare, would maKe it possible to introduce 
immunomodulating therapy or polychemotherapy , whrch « 
possibly curative, at an early date, that « to say 
even before organ metastasis becomes 
Quantification of the tumor cells in peripheral blood 
before and after the therapy represents an important 
control in such cases. 
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The life span of eukaryotic cells is, according 
to the telomer hypothesis, determined by the length of 
the termini of the chromosomal DNA, the telomers. Thus, 
according to this theory, telomers have the function of 
5 a mitotic clock. Because of the replication mechanism 
of the DNA polymerases, the telomers are shortened 
after each cell division by the length of the 
replication primer. As a consequence, after each cell 
division, the chromosomes are shorter, reaching a 
10 critical length after a certain number of cell 
divisions. The cells then proceed into a senescent 
phase where they no longer divide and finally die. 
However, in some cases this regulation mechanism can be 
bypassed by a ribonuclearprotein, the telomerase, and 
15 the cells become immortal. The telomerase synthesizes, 
at the 5 '-end of the chromosomes, the telomer sequences 
lost during replication, where the RNA component of the 
protein (human Telomerase RNA component, hTR) serves as 
matrix and part of the protein component forms the 
2 0 catalytic subunit (human Telomerase Reverse 

Transcriptase, hTRT) . 

in humans, the cells with active telomerase and 
unlimited life expectancy are, in particular, the germ 
cells and the hemapoietic stem cells, which are capable 
25 of dividing during the entire life span of a person. In 
addition, increased telomerase activities are also 
found on activated human B and T lymphocytes. Besides 
this normal physiological role of telomerase, an 
increased telomerase activity is found in about 90-95% 
30 of all human tumor tissues. The telomerase activity of 
tumor cells can therefore form the basis for a 
detection system for disseminated circulating tumor 
cells in body fluids, which may potentially give rise 
to metastases. 

35 Telomerase is a ribonucleoprotein with reverse 

transcriptase activity [ Shippen-Lentz et al. (1990), 
Science 247: 546] which uses an integral RNA sequence 
as template for independent DNA synthesis [Greider et 
al. (1989). Nature 337: 331] by which new telomeric DNA 
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are synthesized at the ends of the chromosomes. 
Telomeres consist of highly conserved (TTAGGG)n in 
tandem sequences with a length of about 5-15 kilobases 
(kb) /cell genome and have the task of stabilizing the 
5 chromosomes on the nuclear membrane and protect the 
coding genomic DNA from uncontrolled recombination and 
degradation [Mehle et al . (1994). Cancer Res 54: 236]. 
Whereas a dynamic equilibrium between shortening of the 
chromosome ends and de novo synthesis of telomeric 
10 sequences by telomerase is postulated in lower 
eukaryotes, normal human somatic cells show low or 
undetectable telomerase activity. In addition, 
telomerase is not growth-regulated, in contrast to other 
DNA enzymes, since none of the actively proliferating 
15 cell cultures showed detectable telomerase activity. 
Only germ cells and almost all tumor cell lines 
[Ohyashiki et al . (1994). Cancer Genet Cytogenet 78:64; 
Rogalla et al . (1994). Cancer Genet Cytogenet 77: 19; 
Schwartz et al . (1995). Cancer 75: 1094] and tumor 
20 tissues (Lunge, [Hiyama et al . (1995). Oncogene 10: 
937; Shirotani et al . (1994). Lung Cancer 11: 29], 
kidneys [Mehle et al . (1994). Cancer Res 54: 236], 
ovaries [Chadeneau et al . (1995). Cancer Res 55: 2533] 
and blood [Counter et al . (1995). Blood 85: 2315]) show 
2 5 measurable telomerase activity and a constant telomere 
length which is retained throughout an infinite number 
of cell divisions. Activation of telomerase with the 
stabilization, associated therewith, of the telomere 
length can therefore be regarded as a critical step in 
30 the direction of immortalization of somatic cells. 

Feng et al . were able to clone the integral RNA 
sequence of human telomerase (hTR) , which is encoded on 
the distal segment (q) of chromosome 3. The authors 
were able to demonstrate, by competitive polymerase 
35 chain reaction (PCR) , a significant increase in 
telomerase expression in tumor tissues and in germinal 
tissues by comparison with normal somatic cells [Feng 
et al. (1995), Science 269: 1236]. An antisense 
construct of the hTR sequence caused cell death 
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(apoptosis) in transfected HeLa cells. These data 
demonstrate stringent repression of telomerase in 
somatic tissues, as well as the fact that malignant 
growth depends on the presence of immortal cells and on 
5 the activation of telomerase. 

In 1997, Nakamura et al . characterized a 
protein component of the catalytic subunit of human 
telomerase. In comparison with the RNA component of 
human telomerase (hTR) , the mRNA encoding the catalytic 
10 subunit of human telomerase (hTRT) correlates 
considerably better with the telomerase activity 
(Nakamura TM, Morin GB, Chapman KB, Weinrich SL, 
Andrews WH, Lingner J, Harley CB, Cech TR (1997): 
Telomerase catalytic subunit homologs from fission 
15 yeast and human. Science 277: 955-9) and is therefore 
more suitable for cancer diagnosis. Meyerson et al . 
localized hTRT on the human chromosome 5p and confirmed 
the strong correlation of the hTRT mRNA detection with 
the enzymatic activity of human telomerase (Meyerson M, 
20 Counter CM, Eaton EN, Ellisen LW, Steiner P, Caddie SD, 
Ziaugra L, Bei jersbergen RL, Davidoff M J , Liu Q, 
Bacchetti S, Haber DA, Weinberg RA (1997): hEST2 , the 
putative human telomerase catalytic subunit gene, is 
U p_ regu l a ted in tumor cells and during immortalization. 
25 Cell 90: 785-95) . 

Currently, the standard method for determining 
the catalytic activity of telomerase is the TRAP assay 
(Telomeric Repeat Amplification Protocol) [Kim et al . 
Science (1994) 266: 2011]. Here, the telomerase present 
3 0 in cell extract synthesizes extension products which 
are subsequently amplified in a polymerase chain 
reaction (PCR) . A densitometric evaluation of the 
amplification products then permits quantification of 
the telomerase activity. Depending on the sample 
3 5 material, the test laboratory and the protocol used, 
the sensitivity of the TRAP assay was stated as being 
4-100 cells/batch. Since the crude extract of lyzed 
cells or tissues is used in the TRAP assay, this method 
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is highly susceptible to interference by inhibitors of 
the DNA polymerase used in PCR (Taq polymerase) . 

The TRAP assay is used, for example in 
WO 98/02581, for the diagnosis of precancerous or 
5 cancerous damage to the cervix, endocervix, the vagina 
or vulva. 

WO 97/18322 discloses a method for the 
quantification of tumor cells in which initially a 
reaction is carried out with the sample to be tested 
10 where the RNA component of the telomerase is 
specifically amplified, and the amount of amplified 
nucleic acid is subsequently determined quantitatively. 

WO 96/01835 likewise discloses a method for the 
detection of the RNA component of telomerase in cells 

15 or cell samples. 

In spite of the known methods for detecting 
tumor cells, there is still a need for reliable and 
simple methods for quantifying tumor cells in body 
fluids . 

2 0 The object of the present invention was 

therefore to develop a method with which it is possible 
to determine tumor cells quantitatively in a body 
fluid. 

The invention therefore relates to a method for 
25 the quantification of tumor cells in a body fluid, in 
which firstly the sample to be examined is subjected to 
a process for the enrichment or depletion of tumor 
cells and a reaction is carried out on the enriched or 
depleted tumor cells in whicfh the mRNA encoding the 

30 catalytic subunit of the telomerase is specifically 
amplified, and subsequently the amount of amplified 
nucleic acid is determined quantitatively, and to test 
kits suitable therefor. 

The body fluid in which the tumor cells are to 

35 be quantified can be any human or animal body fluid or 
a dispersion of cell tissue. It is, for example, blood, 
in particular peripheral blood, such as venous or 
arterial blood, lymph, urine, stool, exsudates, 
transudates, spinal fluid, seminal fluid, saliva, 
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liquids from natural or unnatural body cavities, bone 
marrow and ; disperse body tissue. The fluids from 
natural body cavities can, for example, be serous 
fluids such as peritoneal and pleura fluids, the fluids 
5 from unnatural body cavities can, for example, be 
fluids from cysts. 

Preferred body fluids are blood, bone marrow, 
lymph, serous fluids from body cavities and urine, and 
particular preference is given to blood and urine. 

10 Urine is particularly suitable for enriching cells from 
bladder tumors . 

Peripheral blood is, for example, taken from 
the subject by puncturing an artery, vein or finger pad 
and, after an enrichment or depletion process, the 

15 tumor cells contained in the sample are transferred 
into an RNA lysis buffer which comprises, for example, 
urea or, preferably, guanidinium isothiocyanate, in 
order to denature any RNases present and to release the 
nucleic acids from the cells [see, for example, 

20 Chomczynski et al. (1987) Anal. Biochem. 162, 156]. The 
nucleic acids can be isolated from the strongly saline 
medium of the RNA lysis buffer, for example, by means 
of silica particles to which all nucleic acids are able 
to bind [Boom et al . (1990) J. Clin. Microbiol., 29, 

25 495] . The particles are then washed several times with 
suitable buffer and the bound nucleic acids are eluted. 
It is subsequently advantageous to hydrolyze any 
genomic DNA present in the sample using RNase-free 
DNase in a suitable buffer, so that no false-positive 

3 0 results or excessive background noise result due to 
false amplification signals, because DNA is possibly 
still present, in the later amplification of the mRNA 
which codes for the catalytic subunit of telomerase. 
This is generally followed by inactivation of the 

3 5 DNase, for example by phenol extraction and/or heat 
denaturation. It is possible and advantageous, before 
or, preferably, after treatment of the sample with 
DNase, also to purify the RNA present in the sample 
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further, for example by chromatographic methods such as 
ion exchange chromatography, preferably on silica gel. 

To check whether possibly interfering genomic 
DNA is still present in the sample, it is subsequently 
5 possible to carry out an amplification reaction with 
the telomerase-specif ic oligonucleotide primers which 
are described hereinafter, in which case the RNA 
present in the sample is not transcribed to cDNA by a 
rev erse transcription reaction beforehand. Only in the 
10 case where the sample is free of telomerase-specif ic 
DNA does no amplification take place, with the result 
that no amplified DNA can be measured. 

This is followed by transcription of the RNA 
present in the sample into cDNA, generally by means of 
15 the reverse transcription reaction, for example with 
AMV reverse transcriptase. The method is generally 
known and is described, for example, in Sambrook et 
al., Molecular Cloning: A Laboratory Manual, New York 
Cold Spring Harbor Laboratory, 1989. In a preferred 
2 0 embodiment of the reverse transcription, it is also 
possible to use a thermostable RNA-dependent DNA 
polymerase as described in WO 90/07641. Suitable oligo- 
nucleotide primers for the reverse transcriptase are, 
for example and advantageously, the oligonucleotide 
2 5 primers described below or random primers with a 
particular length . 
^UX> — ^ Vhe subsequent amplification can be carried 

*out, for example, with a DNA polymerase, for example by 
the polymerase chain reaction (PCR) (see, for example, 
30 U.S. Patent Vs. 4,683,195; 4,683,202; 4,965,188) or, 
preferably, w\th an RNA polymerase by, for example, 
isothermal nuc\eic acid sequence-based amplification 
(NASBA) . Specifics oligonucleotide primers derived from 
the nucleic acid \p be amplified are required for the 
35 amplification in ekch case. It is possible in the 
present invention to\ use any sequence section of the 
cDNA coding for the ca\alytic subunit of telomerase for 
synthesizing the oligonucleotide primers. The 
oligonucleotide primers \are preferably about 2 0 to 
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v 9 r to 35, nucleotides long, 
.bout 40. preferably about 25 to 35 ^ ^ 

fee amplification product rs aener y 
V - ™nn bases, preferably about 200 to ao 

T 20 ° n ° oart i= u lar about 450 to about 550 bases. 

rX; , 1 oligonucleotide primers, which 
beenCived the seance shown m 

parXarly preferred for the novel method, 

S . CTACOGGAAG AGTGTCTGGA GCAAGTTGCA AAGC 3- (hTRTl) . 
"aTAC^A CGCACGCAGT ACGTGTTCTG 3' (hTRT2) 

\ hTRT2 may, where appropriate, 

Tr I e a P cote' seance for an ^ 
additionally c ^se primer hTRTl 

polymerase. ^ hTRT2 corresP onds to 

corresponds to th*5 P ^ product is 513 bp 
the 3' primer- Thea P ^ prepared 

long. The primers methods [Matt eucci et 

synthetically using tW^tx ^ ^ ^ 3185 -31911 • The 

5e used is, for example, a 

^-thermostable »x JTU^ 
polymerase, T7 DNA ^1^.* • m pre£erably , a 

the Klenow fragment of ' \ polymerase 

„ w . riNA polymerase sUcn as 
thermostable DNA P ^ X 4 , 889 , 8 18 ) - 

(see, for example, U.S. Pat \ reacti on [sic] 

The general principle of the PC 
• . of heat-denaturation of the 
consists of neat u presence of 

r estoration of the double strand n th p 

suitabl e -j---- ; st -Tusin g » Poiymerase 

orientation of the sing fchen 

in several ~" formed for 

repeated until sufir described below. 

r^""U^ « cycles, Preferably 

• of at least one oligonucleotide primer, 

there is use of at lea promoter for the 

preferably hTRT2 , which comprises P 
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RNA polymerase, preferably for T7 RNA polymerase [see, 
for example, Guatelli et al . (1990) Proc . Natl. Acad. 
Sci. USA, 87, 1874-1878 or Kievits et al . (1991), J. 
Virol. Methods, 35, 273-286]. Firstly, as already 
5 described in detail above, the RNA is transcribed with 
the aid of one of the oligonucleotide primers described 
above and of a reverse transcriptase, preferably AMV 
reverse transcriptase, into cDNA. The reaction product 
is an RNA : DN A double strand whose RNA component is then 

10 degraded by an RNase, preferably RNase H, to give a DNA 
single strand. Using one of the oligonucleotide primers 
described above, the DNA single strand is made up to 
the DNA double strand using a DNA polymerase. AMV 
reverse transcriptase is once again a suitable and 

15 preferred DNA polymerase because this transcriptase has 
not only an RNA-dependent DNA polymerase activity but 
also a DNA-dependent DNA polymerase activity. The 
reaction product is a DNA double strand which comprises 
the promoter for, for example, T7 RNA polymerase. The 

2 0 RNA polymerase then synthesizes an "antisense" RNA 

strand again, and the cycle can begin again. In 
general, about 2 0 to about 4 0 cycles, preferably about 
30 to about 35 cycles, suffice to provide sufficient 
amplification product, preferably "antisense" RNA, for 
25 the subsequent quantification. 

The amplification products can be quantified 
by, for example, staining with intercalating 
fluorescent dyes such as, for example, ethidium bromide 
and direct visualization and quantification, for 

3 0 example in an agarose or polyacrylamide gel under 

ultraviolet light . 

However, since the amplification products to be 
quantified are in direct correlation with the amount of 
RNA employed only when the amplification reaction is in 
35 a linear phase, it is necessary for quantification to 
measure the course of the reaction of the 
amplification. To this end, the reaction products have 
to be measured after each amplification cycle, and the 
linear range in which quantification can be carried out 
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with sufficient certainty is determined using the 
course of the reaction. Thus, it is advantageous if the 
amplification products are labeled even during 
amplification and the kinetic of the amplification is 
5 measured continuously even during the amplification 
process. In the case of the TaqMan™-PCR (Hoffmann-La 
Roche) , for example, this is carried out with the aid 
of a probe which is specific for the amplification 
product. At its 3' and 5' ends, the probe is labeled 

10 with different fluorescent dyes ("Reporter" and 
"Quencher")/ and the probe is present in the reaction 
vessel during the entire PCR. Owing to the 
5 ' -3 ' -exonuclease activity of the DNA polymerase used 
for amplification (AmpiTaq™, Hoffmann-La Roche) , the 

15 probe is hydrolyzed during prolongation of the DNA 
daughter strand , and in the process, the quencher is 
separated from the reporter. As a consequence, the 
quench effect is terminated and the characteristic 
fluorescence emitted by the "reporter" can be measured. 

20 The intensity of this fluorescence is directly 
proportional to the PCR products which were amplified 
per synthesis cycle. 

Other examples of suitable labels are 
radioactive labels, biotin labels, fluorescent or 

25 electrochemoluminscent (ECL) labels. In general, the 
labels are attached to the nucleotides as starting 
materials for amplification by DNA or RNA polymerase. 
The radiolabeled amplification products (for example 
PCR or NASBA products) can be detected by measuring the 

30 radioactivity, the biotin-labeled amplification 
products can be detected via a dye which carries avidin 
or streptavidin, the fluorescent-labeled amplification 
products can be detected with a fluorometer and the 
electrochemoluminscent- labeled amplification products 

35 can be detected with an ECL detector. However, the most 
preferred detection method is automatic in vitro 
hybridization, such as, for example, in the case of 
TaqMan™-PCR, even during the amplification process. 
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In contrast to "real time" quantification of 
PCR products as in the case of TaqMan™-PCR, it is also 
possible to quantify PCR products using dilution 
series. To this end, the RNA or the corresponding cDNA 
5 is employed in various dilutions. This gives, similar 
to the "real time" quantification, a sigmoidal reaction 
kinetic where once more in the linear range the 
amplification products are proportional to the starting 
material. The PCR products are detected with the aid of 

10 fluorescent-dye-labeled or radiolabeled deoxy- 
nucleotides which are incorporated directly into the 
PCR products by DNA polymerase during amplification. 
Furthermore, oligonucleotides (so-called primers which 
are required in the PCR for initializing the synthesis 

15 of the daughter strand and which are present in all 
amplification products incorporated at the 5' and 3' 
end of the DNA after PCR) are labeled with certain 
molecules (for example biotin) to immobilize the 
amplification products after PCR with the aid of 

20 specific antibodies or streptavidin . This 

immobilization can be carried out, for example, in a 
microtiter plate, in which, subsequently, a color 
reaction can take place with the aid of a molecular- 
labeled specific probe which hybridizes with the 

25 amplification products and with the aid of an enzyme- 
coupled (for example peroxidase-coupled) antibody 
against the marker molecule of the probe. This color 
reaction can subsequently be evaluated photometrically. 

The oligonucleotide for detection by in vitro 

3 0 hybridization generally carries the labels described 
above, and in connection with the NASBA amplification 
method the hybridization probe carries an 
electrochemoluminsecent label, preferably a 

tris [2 , 2-bipyridine] ruthenium [ II ] complex label [see, 

35 for example, van Gemen et al . (1994), J. Virol. 
Methods, 49, 157-168] . 

Accurate and sensitive quantification of the 
amplification products can also advantageously be 
achieved by coampli f ication of a defined amount of one 
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or more known nucleic acids (standard nucleic acids) 
[see, for example, van Gemen et al . (1993), J. Virol. 
Methods, 43, 177-188]. In this case, a different but 
exactly known amount of the coamplifying standard 
nucleic acid or nucleic acids is added, for example in 
the form of a dilution series, to the unknown amounts 
of the sample to be investigated, and the amplification 
products of the sample and one or more coamplifying 
standard nucleic acids are determined quantitatively in 
independent mixtures. Comparison of the measured 
results reveals the amount of the mRNA coding for the 
catalytic subunit of telomerase to be . determined in the 
sample . 

It is advantageous to amplify the coamplifying 
15 standard nucleic acid or nucleic acids with the same 
oligonucleotide primer as the sample to be investigated 
and the amplification products also have essentially 
the same length. It is particularly preferred for the 
coamplifying nucleic acids to have the same sequence as 
20 the amplification product of the sample to be deter- 
mined, with the exception of about 20 nucleic acids 
between the oligonucleotide primer binding sites, which 
have an arbitrary but known sequence. It is possible 
thereby to quantify, independently of one another, the 
2 5 amplification product to be determined in the sample 
from the coamplifying amplification product, for 
example by a hybridization as described in detail, for 
example, in Sambrook et al . (supra), using appro- 
priately complementary labeled oligonucleotides. It is 
particularly advantageous if several, preferably three, 
different coamplifying nucleic acids are added in 
different concentrations to the sample, because this 
makes it possible to reduce the number of individual 
amplification reactions which would otherwise have to 
be carried out [see van Gemen et al . (1994) J. Virol. 
Methods 49, 157-168]. It is also particularly preferred 
to add the coamplifying nucleic acids to the IttJA lysis 
buffer described above because it is possible thereby 



30 
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to exclude the effect of possible nucleic acid losses 
in the subsequent workup of the sample. 

Suitable and advantageous coamplif ying standard 
nucleic acids in the present invention are RNA single 
5 stranded sequences which are prepared by in vitro 
transcription, for example with Sp6 or T7 RNA 
polymerase, from constructs which comprise the DNA or 
cDNA of the sample to be amplified and which are in 
each case provided with a randomized exchange of a 

10 sequence of, for example, about 10 to about 30, prefer- 
ably about 20, nucleotides. 

The constructs preferably consist of a trans- 
cription vector having a binding site for Sp6 or T7 RNA 
polymerase between a "multiple cloning site" in which 

15 the DNA or cDNA of the sample to be amplified has been 
cloned. The cloned sequence can be opened by selective 
hydrolysis with restriction endonucleases , preferably 
with two different restriction endonucleases, and a 
fragment of a defined length can be cut out and 

2 0 replaced by a fragment of equal length, for example 

using T4 ligase. The cloned fragment may comprise 
replacement of a sequence of any length, for example 
about 10 to about 30, preferably about 20, nucleic 
acids and is preferably located between the oligo- 
25 nucleotide primer binding sites. This procedure can be 
repeated in order to insert other nucleic acid 
sequences at the same site. If no suitable cleavage 
sites can be found, for example because the vector is 
also cut, it is necessary to create artificial cleavage 

3 0 sites. This can take place, for example, by recombinant 

PCR which is described in essence by Higuchi et al . 
[Higuchi, R. (1988). Nucleic Acid Res 16: 7351-7367; 
Higuchi, R. (1990). M. Innis A. et al . eds . San Diego, 
New York, Berkley, Boston, London, Sydney, Tokyo, 
35 Toronto, Academic Press, Inc. 177-183] and in the 
experimental part of the present invention. 

Preferably used for the purpose of the 
invention are in vitro transcribed RNA single stranded 
sequences of constructs which 
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a) comprise the entire cDNA corresponding to the mRNA 
which codes for the catalytic subunit of human 
telomerase and 

5 b) in which a randomized exchange of a sequence of 
about 2 0 nucleotides has been introduced. 

Since the standard nucleic acids (for example, 
hTRTKa , hTRTKb and hTRTKc) differ from one another and 
from the wild- type sequence for example only by a 

10 randomized and known sequence which is 2 0 base pairs 
long, the amplification products of the standard 
nucleic acids and of the wild-type sequence can be 
detected by complementary binding of labeled oligo- 
nucleotides in four separate mixtures. 

15 The corresponding reverse complementary 

sequences are used to detect the amplified "antisense" 
RNA . 

After this, the individual amplified amounts of 
the wild-type and standard nucleic acids are 

2 0 determined. The unknown initial amount of the wild- type 

sequence can be calculated by comparing with the 
different amplified amounts of the standard nucleic 
acids when the initial amount is known (for example 
hTRKa: 10 2 , hTRKb: 10 4 and hTRKc : 10 6 molecules). It is 
25 then possible to conclude from this the number of 
metastases for the removed body fluid. 

internal positive control of the method and 
the Sample to be investigated it is possible 
additionally^ to amplify and detect a nucleic acid which 

3 0 generally always occurs in a body fluid. Examples of 

suitable nucleic; acids are the mRNA coding for p-globin 
or for glyceralSiehyde-phosphate dehydrogenase (GAPDH) 
(see, for example^ GB 2 2 60 811) which always occur in 
the cells of the \pdy fluid. Suitable oligonucleotide 
35 primers for human \ p-globin mRNA are, for example, 
primers with the sequences: 

5' AC C C AG AGGT TCTTTGAGTCv 3 ' (Glob 1 ) and 
5' TCTGATAGGC AGCCTGCACT \ ' (Glob 2) 
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Further internal positive controls of the 
method eand of the sample to be investigated can 
additionally be cell-specific nucleic acids, such as 
5 (3-actin ml^JA, with the primers (Naka j ima-Ii j i , S., 
Hamada, H.AReddy, P., Kakanuga, T. (1985): Molecular 
structure of the cytoplasmatic p-actin gene: 
Interspecies homology of sequences in the introns . Proc 
Natl Acad Sci \jSA 82, 6133-7) : 
10 \ 

5' GATGATGATATGGCCGCGCTCGTC 3' (Act 1) 

5' CTCAAACATGATOTGGGTCATCTTC 3' (Act 2) 

or T-cell-specif ic kucleic acids, such as the mRNA of 
15 the T-cell receptor ,\ with the primers (Toyonaga, B. , 
Yoshikai, Y., VadaszAv., Chin, B., Mak, T.W. (1985): 
Organization and sequences of the diversity, joining, 
and constant region of \ the human T-cell receptor P 
chain. Proc Natl Acad Sci\jSA 82, 8624-8): 

20 \ 

5' GAGGTCGCTGTGTTTGAGCCATCAGAAG 3' (TCR 1) 
5' GATCTCATAGAGGATGGTGGCAGAOAG 3' (TCR 2) 

To prevent or reduce false-positive results or 
25 so-called background noise which is caused by 
telomerase activities which are possibly present in 
nontumor cells, the sample to be investigated is, 
according to the invention, initially subjected to a 
process for enrichment or depletion of tumor cells. To 
3 0 this end, it is advantageous to either purify the body 
fluid sampled, by appropriate methods or to cultivate 
it under conditions which are unfavorable for the 
contaminating telomerase-positive nontumor cells but 
favorable for the tumor cells present. 
35 in the case of purification, in particular from 

the sample to be investigated, stem cells and/or 
activated immune cells should be depleted or tumor 
cells concentrated. Since, in general, the individual 
cells have specific surface markers, removal or 
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concentration of the cells by immunoabsorption is 
particularly advantageous. Examples of suitable methods 
are magnetic (MACS) or fluorescence-activated (FACS) 
cell sorting [see, for example, B. Gottlinger & 
5 Radbruch (1993) mta, 8, 530-536, No. 5]. Thus, for 
example hemapoietic stem cells can be removed from the 
blood sample by means of MACS via their CD34 surface 
marker [Kato & Radbruch (1993) Cytometry, 14, 384-392] . 
B cells can be removed, for example, via their CD10, 

10 CD19 and/or CD20 surface markers, and T cells via 
CD45RA and/or CD7 . Tumor cells can be concentrated via 
their specific tumor markers, for example CEA. Besides 
MACS or FACS, also particularly suitable for depletion 
or concentration of the relevant cells are antibodies 

15 against the specific surface markers, which are bound 
in particular to commercially available magnetic beads 
(for example Dynabeads M450, Dynal Corp.). 

Mononuclear cells can be isolated by the 
following methods: 

2 0 specific lyzes of the erythrocytes (for example 
ammonium chloride/hypertonic shock) , 

specific lyzes of mononuclear blood cells (for example 
L-leucyl-L-leucine methyl ester for monocytes and 
cytotoxic cells) , 
25 negative/positive selection via specific surface 
markers (for example negative: CD 4, 8, 34, etc.; 
positive: Ber-EP4, AUA1 , CEA), 

density gradient centrif ugation of euploid vs. 
aneuploid cells or 

30 density gradient centrif ugation of mononuclear 
annuclear cells (for example Ficoll) . 

In the 60s and 7 0s, when methods such as, for 
example, FACS or MACS were still unavailable, tumor 
cells of hematopoetic cells were separated based on 

35 their differing density (J. A. Fleming et al . , J. clin. 
Path. (1967), 20, 145). According to this data, tumor 
cells have a specific density of 1.040-1.080, whereas 
erythrocytes and polymorhnuclear leukocytes have a 
higher density. In contrast, lymphocytes have a 
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specific density in the range from 1.060-1.075, thus 
overlapping with the specific density of tumor cells. 
Thus, complete removal of the likewise telomerase- 
active lymphocytes from the tumor cells via their 
5 differing densities should not be possible. 
Consequently, use of a standard solution for isolating 
lymphocytes, such as, for example, Histoprep® of a 
density of 1.077 g/ml showed that lymphocytes of 
healthy blood donors of a density of up to 1.077 g/ml 

10 have telomerase activity. 

For a particularly preferred embodiment of the 
method according to the invention, it has now been 
found that the tumor cells can be concentrated by 
covering a cell separation medium of a density in the 

15 range from 1.055 to < 1.070 g/ml with a layer of the 
body fluid which contains the tumor cells, followed by 
centrifugation. By using the specific cell separation 
medium, the cells which are present in the body fluid 
are separated such that the lymphocytes which are, 

20 owing to their density, concentrated together with the 
tumor cells have no telomerase activity. 

In the concentration process, a cell separation 
medium is used as discontinuous gradient, which is 
covered with a layer of the body fluid. By 

25 centrifugation, the cells are separated according to 
their specific cell density and can be collected in 
individual fractions. The specific density of the cell 
separation medium permits virtually complete separation 
of tumor cells from the corpuscular fractions present 

30 in body fluids, specifically from the cells of the red 
and white blood system. In addition, the method permits 
the separation of telomerase-positive from telomerase- 
negative hematopoietic cells, where the concentrated 
tumor cells are, after centrifugation, in the same 

3 5 fraction as the telomerase-negative hematopoietic 
cells, so that a subsequently detected telomerase 
expression in this fraction can be assigned without any 
doubt to the tumor cells present. 
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It is also surprising that the reduction of the 
density of the cell separation medium, which is slight 
compared with the prior art, permits the number of 
contaminating blood cells to be reduced considerably. 
5 As a consequence, the total cell count is reduced 
significantly without any significant loss of tumor 
cells, which makes, for example, screening of 
microscopic preparations considerably easier and, on a 
clinical scale, possible in the first place. 

10 It has been found that a particularly good 

separation performance is achieved using a cell 
separation medium of a density in the. range from 1.060- 
1.067 g/ml, more preferably 1.060-1.065 g/ml and 
particularly preferably about 1.065 g/ml. 

15 The centrifugation is advantageously carried 

out at about 1000 x g for about 30 minutes. The 
temperature during the centrifugation is preferably 
about 4°C. It has been found to be particularly 
advantageous to carry out the centrifugation using slow 

2 0 acceleration and no braking, so that the cell 
separation medium and the body fluid at the beginning 
of the centrifugation or the fractions at the end of 
the centrifugation are not mixed with one another. 

The cell separation medium used can, in 

25 principle, be any suitable liquid of the desired 
density. The cell separation medium should not react 
with the body fluid or the cells contained therein. 
Advantageously, use can be made of, for example, Ficoll 
or Percoll, where the solutions are adjusted to the 

30 desired density, in each case following the 
instructions of the manufacturer. The amount of the 
Percoll stock solution to be diluted, having a density 
of 1.13 g/ml, which is required for preparing 100 ml of 
a Percoll work solution of the desired density (dd) is 

35 calculated, for example, according to the formula: 



100 ml x (dd - 0.106 - 0.9)/0.13. 
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In each case, 10% of the Percoll work solution 
of the desired density consists of a 1.5 M NaCl 
solution, to ensure physiologic osmolarity. The 
difference between the amount of Percoll stock solution 
5 (density 1.13 g/ml) calculated using the above formula 
and the salt solution is then filled up with water to 
give 100 ml. 

Thus, a Percoll work solution of a density of 
1.060 g/ml can be prepared, for example, as follows: 

10 

41.54 ml of the Percoll stock solution (density of 

1.13 g/ml) 
48.46 ml of H 2 0 
10.00 ml of 1.5 M NaCl 

15 

100.00 ml of Percoll work solution, dd 1.060 g/ml 

The densities stated are based on a temperature 
of 2 0°C. The work solutions are advantageously prepared 

2 0 at room temperature and checked, for example with the 

aid of marker beads of a defined density. 

If the body fluid used is peripheral blood, 
this is advantageously drawn in an anticoagulant 
substance and, before covering the layer of cell 
25 separation medium, diluted with a diluent. Preferred 
anticoagulant substances are EDTA or citrate; a 
suitable diluent is, for example, PBS. The blood is 
preferably diluted in a ratio of about 1:1. Suitable 
peripheral blood is venous or arterial blood. 

3 0 For concentrating the tumor cells, the body 

fluid to be investigated is collected or drawn in 
accordance with customary standard protocols. Depending 
on the type of body fluid, it is then either initially 
diluted with a diluent, preferably a buffer, or it is 
35 used directly, undiluted to cover the layer of cell 
separation medium in a centrif ugation vessel. 
Alternatively, it is possible to centrifuge the body 
fluid beforehand at, for example, 1000 x g for about 
10 min and, after resuspending the cells in a buffer, 
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to cover the layer of cell separation medium. The 
preferred buffer is Dulbecco PBS. A suitable 
centrifugation vessel is, in particular, a siliconized 
centrifugation vessel, preferably of plastic, having a 
5 capacity of, for example, 1-500 ml. It should be 
possible to close the centrifugation vessel. 

In a further preferred embodiment of the 
concentration method, one or more substances which 
inhibit aggregation of platelets with tumor cells are 

10 added to the body fluid prior to covering the cell 
separation medium. These substances can be added, for 
example, together with the buffer used as diluent. 
Suitable substances for preventing an undesirable 
aggregation of platelets with tumor cells are, for 

15 example, EDTA, citrate and ACD-A (acid citrate 
dextrose) . Additionally or alternatively, the body 
fluid can be freed, before the cell separation medium 
is covered, from substances which promote aggregation 
of platelets with tumor cells. These are, for example, 

2 0 ions, such as magnesium and calcium ions. 

In the centrifugation vessel, the cell 
separation medium, having a higher density than the 
body fluid to be investigated, is initially charged and 
subsequently covered with the body fluid. Depending on 

2 5 the dimensions of the centrifugation vessel and the 

volume of the body liquid from which the tumor cells 
are to be concentrated, the volume of the cell 
separation medium to be charged initially can be, for 
example, 1-250 ml. 
30 It has been found to be particularly 

advantageous to cool the lower quarter of the 
centrifugation vessel after centrifugation and before 
the interphase enriched with tumor cells is drawn off 
intensively for a short period of time to prevent cell 

3 5 contamination. For example, erythrocytes and leukocytes 

which are present in the cell pellet can be immobilized 
by cooling the lower quarter of the centrifugation 
vessel intensively in liquid nitrogen for 5-10 minutes. 
Here, interphase refers to the transition between the 



* % 

- 21 - 

cell separation medium and the supernatant body fluid. 
The tumor cells are concentrated in this interphase 
and, after centrifugation, collected, for example by 
siphoning off this phase. The intensive cooling of the 
5 centrifugation vessel prevents mixing of the cells from 
the different phases, which excludes false-positive 
test results. 

To ensure that the operations proceed as 
smoothly as possible, the centrifugation can be carried 

10 out in a vessel which is divided into an upper and a 
lower compartment by a porous barrier, a filter or a 
sieve, hereinbelow referred to as porous barrier or 
barrier, where the cell suspension medium is initially 
charged in the lower compartment and the body fluid is 

15 introduced into the upper compartment- This prevents 
mixing of the body fluid to be investigated, in the 
upper compartment, with the cell separation medium, in 
the lower compartment, before and after the 
centrifugation step . 

2 0 The position of the porous barrier in the 

centrifugation vessel can be chosen such that the fluid 
level of the cell separation medium is either exactly 
below, exactly within or exactly above the porous 
barrier . 

2 5 The porous barrier can, for example, have a 

thickness of 1-10 mm, preferably about 5 mm. In 
addition, the porous barrier should be strong enough to 
resist the centrifugation forces without suffering any 
damage . 

3 0 Preference is given to using barriers having a 

porous nature which is such that, during 
centrifugation, liquid and the corpuscular components 
of blood, such as the cells of the red and white blood 
system, but not the tumor cells, can pass the porous 
3 5 barrier unhindered. As a consequence, the cell 
separation medium is, during centrifugation, forced 
through the porous membrane into the upper compartment 
and the tumor cells and platelets come to rest on a 
level above the barrier. Particularly suitable for this 
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purpose are porous barriers having a pore size of 
20-100 Mm, preferably 20-30 /im. 

The porous barrier can be of any suitable 
material. Suitable materials are, for example, plastic, 
5 metal, ceramic or a mixture or special alloy of these 
substances. However, it is also possible to use any 
other natural or synthetic suitable material. 

In a further preferred embodiment, the porous 
barrier is made of a hydrophobic material or is coated 
10 with a hydrophobic material. 

With the aid of the porous barrier, the body 
fluid to be investigated can be filled into the 
centrifugation vessel without any mixing with the cell 
separation medium below which might negatively affect 
15 or prevent the concentration. 

After the centrifugation, the tumor cells 
present in the body fluid are in the interphase of the 
upper compartment of the centrifugation vessel. About 
80% of the fluid above the interphase can then be 
20 siphoned off carefully and discarded. If, for example, 
the body fluid used is blood, this residual fluid is a 
plasma/PBS mixture which contains the serum proteins. 
The remaining supernatant above the barrier, which 
contains the tumor cells, can then be collected and, 

2 5 for example, transferred into a fresh centrifugation 

vessel (preferably made of siliconized plastic and 
having the same capacity by volume as the 
centrifugation vessel used beforehand) . When the 
remaining supernatant is removed, the porous barrier 

3 0 prevents any mixing of the cells of the upper and the 

lower compartment. 

Advantageously, the upper compartment of the 
centrifugation vessel is then, for example, washed 
twice with a buffer, and this is likewise transferred 
35 into the fresh centrifugation vessel. Suitable buffers 
are, for example, Dulbeccos PBS (3.9 mM EDTA, pH 8.0, 
without calcium and magnesium) or NaCl/10% ACD-A 
(Guidelines for the collection, processing and storage 
of human bone marrow and peripheral stem cells for 
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transplantation, prepared by the BCSH Blood Transufsion 
Task. Transfus. Med. 1994; 4: 165-72) or NaCl/5% 
ACD-A/1% albumin) . After a further centrif ugation, for 
example, at 1000 x g at a temperature of about 4°C for 
5 about 10 min, the collected cells can be subjected, for 
example, to the tumor cell detection methods. 

To render the cell ring at the interphase 
between cell separation medium and body fluid, which is 
obtained after the centrif ugation and which contains 

10 the tumor cells, more visible for removal from the 
centrif ugation vessel, it has been found to be 
advantageous to add a dye to the cell separation 
medium. It is possible to add, for example, 80 /il of a 
5% Trypan Blue solution to 100 ml of a Percoll work 

15 solution. 

However, if a centrif ugation vessel having a 
porous barrier is used, once the supernatant residual 
fluid above the interphase has been removed, preference 
is given to remove not only the interphase but the 

20 entire residual fluid above the porous barrier, not 
only because there are further cells between interphase 
and porous barrier but also because the cells present 
in the cell ring can easily be mixed by removal. To 
avoid losing cells from the upper compartment, this is 

25 advantageously washed twice with buffer (for example 
PBS) . 

With the concentration step, it is possible to 
concentrate circulating tumor cells and in particular 
circulating tumor cells of solid tumors, i.e. non- 
30 hematological tumors, or hematological tumor cells, 
i.e. tumor cells of the red and white blood system. 

Using the concentration method, tumor cells 
can, owing to their differing density, be separated 
virtually completely from the corpuscular components of 
35 body fluids, such as, for example, the cells of the red 
and white blood system, be concentrated and then 
subjected to the next step of the quantification method 
according to the invention. 
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The 



concentration 



method 



described has 



the 



advantage that telomerase-positive hematopoietic cells 
can be removed in a simple and safe manner from the 
tumor cells to be concentrated, so that, in the 
5 subsequent quantification step, no false-positive 
results by telomerase-active nontumor cells are 
obtained. In addition, the concentration and isolation 
of the tumor cells from body tissue requires only a few 
operations, thus making possible processing of 
10 relatively large amounts of sample material. Compared 
to, for example, the use of specific antibodies and 
subsequent separation by suitable apparatus, the costs 
for the materials required are significantly lower. 



15 lines derived from tumor tissue, such as melanoma, 
prostate, breast, lung, liver and colorectal carcinoma, 
showed that the cells of all these cell lines are, in 
their majority, concentrated by the concentration 
process described . 

2 0 In an alternative procedure for separating the 

blood cells in Ficoll or Percoll, the cells contained 
in the sample can be cultivated under conditions which 
are unfavorable for the contaminating telomerase- 
positive nontumor cells but favorable for the tumor 

25 cells present. The result of this cultivation method is 
that contaminating telomerase-positive nontumor cells 
die, whereas the tumor cells present survive. 



to favor, on the one hand, the proliferation of the 
3 0 tumor cells and, on the other hand, blood cells 
entering the G 0 /Gi phase, or their apoptosis, to 
concentrate metastasizing tumor cells present, the 
sample can be subjected to the following conditions: 
selection of suitable culture media using (autologous) 
35 sera, 

duration of cultivation, 

selection of optimum oxygen/ carbon dioxide content, 
addition of tumor cell/epithelial cell specific growth 
factors (for example EGF etc.) or 



In addition, investigation of 10 different cell 



To this end, for optimizing the cell culture, 
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selection of a suitable surface coating to increase 
adherence of the tumor cells in cell culture containers 
and selection of adherent cells over suspended cells. 

Thus, for example, cultivation can be carried 
5 out as follows: 

All or aliquots (for example on microtiter 
plates) of the cells contained in the sample can be 
cultured with or without additives. Subsequently, these 
cultures can be subjected to influences under which 

10 nontumor cells die, but tumor cells survive. These 
influences can, for example, be simply the duration of 
the cultivation, internal (for example increase or 
decrease of the pH in the culture medium) or external 
influences (such as, for example, increase or decrease 

15 of pC0 2 or p0 2 ) . Our investigations have shown, for 
example, that even during a simple cultivation of whole 
blood at 37°C for 5 days the mRNA coding for the 
catalytic subunit of human telomerase (hTRT) was no 
longer detectable between day 1 and day 2. However, the 

20 mRNA for the T cell receptor (TCR) (3 days) and p-actin 
(5 days) was still detectable (see Fig. 4) . 

In addition, cultivation by the abovementioned 
methods of nontumor cells and tumor cells contained in 
the fluids can be carried out both before and after 

25 separation of the cells from the body fluid (for 
example after gradient centrif ugation with, for 
example, Fiquoll-Hypaque) . 

It is also particularly advantageous, alone or 
in conjunction with the purification or cultivation 

3 0 methods described above, to compare the amount of mRNA 
which codes for the catalytic subunit of telomerase 
from venous blood with the amount of mRNA which codes 
for the catalytic subunit of telomerase from arterial 
blood, since it is possible to detect, for the purpose 

35 of tumor cell determination, only about 20% of all 
cells in venous blood samples, compared with 100% of 
the cells in arterial blood samples [Koop, S. et al . 
(1995) Cancer Res. 55, 2520-2523]. It is likewise 
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suitable to compare blood from the finger pa^- with 
venous or arterial blood. 

Quantitative determination of the mRNA which 
codes for the catalytic subunit of telomerase in the 
5 sample makes it possible to determine whether tumor 
cells, especially metastases, in particular 

micrometastases, of malignant tumors are present in the 
body fluid, and in what quantity. This is of great use 
in particular for early clinical diagnosis of the 
10 formation of metastases from malignant tumors and for 
monitoring tumor therapy. Tumor cells which can be 
detected with the present invention are, in particular, 
tumor cells from metastases, preferably 

y micrometastases, from malignant tumors, especially 

m 15 cells from metastasizing tumors and/or neoplasms which 

p are derived, for example, from a T-cell lymphoblastoma, 

jf! T-cell leukemia cells, chronic myeloid leukemia cells, 

acute lymphatic leukemia cells, chronic lymphatic 
* s leukemia cells, teratocarcinoma, melanoma, carcinoma of 

O 2 0 the lung, large bowel cancer, breast cancer, 

;±f hepatocellular carcinoma, kidney tumor, adrenal tumor, 

prostate carcinoma, neuroblastoma, brain tumor, small- 
O cell carcinoma of the lung, rhabdomyosarcoma, 

leiomyosarcoma and/or lymphoma. 

2 5 ^F he present invention further relates to the 

oligonucleotide primers with the sequence 

5' CTACCGGAAQ^ AGTGTCTGGA GCAAGTTGCA AAGC 3' (hTRTl) 
and/or 

3 0 5' GGCATACCGA CdCACGCAGT ACGTGTTCTG 3' (hTRT2), 

where hTRTl and/ Car hTRT2 may, where appropriate, 
additionally compris^ a promoter sequence for an RNA 
polymerase ; 



35 



and an oligonucleotide woSth the sequence 
5' CGTTCTGGCT CCCACGACGT AGTC 3' (hTRT o) 
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CH&iitihe corresponding reverse complementary sequences 
of tn^xoligonucleotide for detecting the amplified 
w ant i sense ^Nj^NA . 
^^^>J^7 ffhe invention additionally relates to a kit for 
5 quantifying tumor cells in a body fluid, for example 
blood, u:nine or else stool, exudates or transudates 
from bod^\ cavities, especially peripheral blood, 
comprising 

(a) oligonucleotide primer pair for specific 
10 amplif ication\ of telomerase-encoding nucleic acid, 
where the oligonucleotide primer pair preferably has 
the following sequences: 

5' C T AC CGGAAG AGT^TCTGGA GCAAGTTGCA AAGC 3' (hTRTl) 
15 and/ or 

5' GGCATACCGA CGCAC^AGT ACGTGTTCTG 3' (hTRT2), 

where hTRTl and/ or \hTRT2 may, where appropriate, 
additionally comprise \ promoter sequence for an RNA 

2 0 polymerase. 

In a further embodiment, the kit according to 
the invention additionally comprises (b) a nucleic acid 
or nucleic acids for co-amplification, preferably 3 RNA 
standard nucleic acids for co-amplification. 

2 5 The novel kit may also comprise in addition, as 

described in detail above, a labeled oligonucleotide as 
hybridization probe for specific detection of the 
amplified cDNA of the wild-type sequence and/or several 
labeled oligonucleotides as hybridization probe for 

30 specific detection of the amplified cDNA of the 
standard nucleic acid or nucleic acids. In addition, a 
novel kit for PCR amplification may additionally 
comprise the enzymes described in detail above, where 
appropriate labeled nucleotides and/or suitable 

35 buffers, such as, for example, a reverse transcriptase, 
preferably an AMV reverse transcriptase, a DNA 
polymerase, preferably a Taq polymerase and/ or a DNase 
and, where appropriate, means suitable for depletion of 
stem cells and/or activated immune cells and/or for 
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concentration of tumor cells, as described in detail 
above . 

Another novel kit for NASBA amplification [sic] 
may likewise comprise, besides the standard nucleic 
5 acids described in detail above, a labeled 
oligonucleotide as hybridization probe for specific 
detection of the amplified "antisense" RNA of the wild- 
type sequence and/or several labeled oligonucleotides 
as hybridization probe for specific detection of the 

10 amplified "antisense" RNA of the standard nucleic acid 
or nucleic acids. It may additionally likewise comprise 
the enzymes described in detail above, where 
appropriate labeled nucleotides and/or suitable 
buffers, such as, for example, a reverse transcriptase, 

15 preferably an AMV reverse transcriptase, an RNA 
polymerase, preferably a T7 RNA polymerase, an RNase H 
and/or a DNase, and, where appropriate, means suitable 
for depletion of stem cells and/or activated immune 
cells and/or for concentration of tumor cells, as 

2 0 described in detail above. 

The following examples and figures are intended 
to describe the present invention in detail without, 
however, restricting it thereto. 

2 5 Description of the figures 

ig. 1 shows the sequence described by Nakamura 
et al . , Encoding the catalytic subunit of human 
telomerase, \f 4015 base pairs (bp) , and the position 

3 0 of the designed oligonucleotide primers or the 

oligonucleotide^robe (hTRT o) (underlined): 5' primer 
hTRTl (position 3^80-1813), 3' primer hTRT2 (position 
2261-2290) with ar\ amplification product of 513 base 
pairs (bp) and the probe hTRT o (position 1964-1987) . 
3 5 Fig. 2 shows (A) a diagram of the genomic 

organization of human telomerase (hTRT) . The telomerase 
protein has a telomerase-specif ic region (T, labeled 
black) and has homologies to conserved regions of the 
reverse transcriptases of different viruses (1, 2 and A 
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to E, hatched) . The primer pair used (hTRTl, hTRT2 ) is 
indicated by arrows and is localized in a region which 
does not have any homologies with viral reverse 
transcriptases. (B) shows an agarose gel 

5 electrophoresis of an RT-PCR amplification with hTRT- 
specific primers on RNA of the human teratocarcinoma 
cell line Tera2 . Band M: marker, band 1 RT-PCR 
amplification, band 2: the corresponding DNA control 
without reverse transcriptase reaction. 

10 Fig. 3 shows an agarose gel electrophoresis (a) 

of the RT-PCR products with TCT-specific primers on RNA 
and DNA of human PBMC and the human fibroblast cell 
line MRC5 and the corresponding Southern blot analysis 
with a TCR-specific oligonucleotide probe (TCT probe) . 

15 M: marker. 

Fig. 4 shows an agarose gel electrophoresis of 
the RT-PCR products with specific primers for hTRT (A) 
and TCR and actin (B) on RNA which had been isolated 
from 1 ml of whole blood, after cultivation for 

2 0 0-5 days, and a reaction on the RNA of the human 
teratocarcinoma cell line Tera2 . Bands 0 d -5 d : culture 
period of 0 to 5 days, respectively. M; marker, Tera2 : 
human teratocarcinoma cell line Tera2 . 

Fig. 5 shows an agarose gel electrophoresis of 

2 5 the RT-PCR products on RNA of the prostate carcinoma 

cell line LNcap. Bands 10 3 -10~ 2 : number of cells used 
per experiment. DNA: DNA control. H 2 0: water control. 
M: marker. As shown in Fig. 7, the PCR was carried out 
using specific primers (Fig. 6) for the catalytic 

3 0 subunit of human telomerase (A) and 0-actin, for 

40 cycles. Under the RT-PCR conditions described, the 
mRNA coding for the catalytic subunit of human 
telomerase can be demonstrated in up to 10 cells 
(arrow) . To exclude DNA contaminations, RNA from 10 3 
35 cells without reverse transcriptase as control reaction 
and a water control (H 2 0) were also tested in the 
RT-PCR. 

Fig. 6 shows the sequences of the 
oligonucleotides used here. 
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Fig. 7 shows a flow chart for the method 
according to the invention. 

Fig. 8 shows the result of an RT-PCR analysis 
of blood of a healthy donor (A) and blood of the same 
5 donor mixed with GFP- trans fee ted cells of the melanoma 
cell line T289 (B, C) after tumor cell concentration 
using a cell separation medium of a density of 
1.070 g/ml. 

Fig. 9 shows the result of an RT-PCR analysis 
10 of blood of healthy donors which had been mixed with 
tumor cells of a prostate carcinoma (A) and mamma 
carcinoma cell line (B) , after tumor gell concentration 
using a cell separation medium of a density of 
1.065 g/ml. 

15 Fig. 10 shows the recovery rate of GFP- 

transfected melanoma cells which were mixed into blood 
of different (A, B) healthy donors, after a 
concentration using a cell separation medium of a 
density of 1.065 g/ml. 

20 

EXAMPLES 



Unless noted otherwise, the following examples 
were carried out by standard methods as described, for 
25 example, by Sambrook, J. et al. (1989) supra, or in 
accordance with the instructions of the manufacturers 
of the kits and enzymes used. 

1. Tumor cell concentration 

30 

1 . 1 General procedure 

In a siliconized centrif ugation vessel made of 
plastic, venous blood (5-2 0 ml) was admixed with EDTA 
3 5 (final concentration 3.9 itiM, pH 8.0) and mixed with 
1 volume of PBS. The blood/PBS mixture was then applied 
to 5-10 ml of Percoll of a density of 1.065 g/ml and, 
with slow acceleration and without brake, centrifuged 
at 1000 x g and 4°C for 30 min . The lower quarter of 
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the centrif ugation vessel was subsequently incubated in 
liquid nitrogen for 5-10 min. This prevented 
contamination with cells of the pellet during the 
siphoning off of the cells which were located on the 
5 interphase in the transition between the Percoll and 
the supernatant plasma /PBS mixture. The cells of the 
interphase, which were mainly platelets and tumor cells 
circulating in the blood, were then transferred into a 
new siliconized centrif ugation vessel made of plastic 
10 and centrif uged at 1000 x g and 4°C for 10 min. For the 
RT-PCR investigation that followed, the cell platelet 
was taken up in a guanidinium isothiocyanate buffer, as 
a result of which the cells were lyzed and could be 
subjected to RNA isolation. 

15 

1 . 2 Spiking experiment 

Using so-called spiking experiments, where the 
tumor cells of different cell lines are mixed with the 

2 0 blood of normal donors and the tumor cells are 

subsequently reisolated and investigated in the RT-PCR, 
it was shown that, depending on the cell line used, the 
telomerase activity of about 1-4 spiked tumor cells/ml 
of blood can be detected. 
25 To this end, the cells of the tumor cell lines 

to be spiked were cultivated to confluence according to 
the instructions of the manufacturer (ATCC, American 
Tissue Cell Culture) . The cells were then tryptanized 
and washed in medium (RPMI 1640) . A 10 /il aliquot was 

3 0 removed and mixed 1:1 with Tryptan Blue, and the living 

cells were then determined in a counter and the 
corresponding cell concentration was calculated. The 
cell suspension was then diluted and a volume 
corresponding to a certain cell count was mixed with 
35 blood of healthy blood donors. Blood without any added 
tumor cells was used as control. The spiked tumor cells 
were concentrated once, for comparison, with a cell 
separation medium of a density of 1.070 g/ml, and 
according to the inventive method. To determine the 
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recovery rate, microscopic, f low-cytometric and RT-PCR 
analyses were then carried out. 

a) Comparative experiment 

5 

Fig. 8 shows the result of an RT-PCR analysis 
of 20 ml of blood of a healthy donor (A) and 20 ml of 
blood of the same donor mixed with GFP- trans fee ted 
cells of the melanoma cell line T289 (B, C) . The blood 

10 was supplied as upper layer onto Percoll of a density 
of 1.070 g/ml and centrifuged, and the cells were then 
analyzed. In normal blood, the catalytic subunit of 
telomerase (hTRT) cannot be detected (A) , whereas hTRT 
is detectable in the case of 1 and 2 spiked melanoma 

15 cells per ml of blood (B, C) . However, at the Percoll 
density of 1.070 g/ml used, there is still a 
sufficiently high number of telomerase-active 
leukocytes in the interphase, so that the RNA component 
(hTR) can be detected even in unspiked blood. The 

20 presence of activated and, as a consequence, probably 
also telomerase-active leukocytes in the fraction of 
the isolated cells is also confirmed by the fact that 
CD69, an early activation marker in B and T cells, can 
be detected in all blood samples (A-C) . The tumor 

25 marker CEA (Carcinoembrionic Antigene) is negative both 
in unspiked and in spiked blood (A-C) . GFP (Green 
Fluorescent Protein) , which was used as additional 
marker for the spiked tumor cells, cannot be detected 
in unspiked blood (A) . Since only about 50% of the 

3 0 transfected T2 89 melanoma cells express GFP, the 
protein can only be detected in up to 2 spiked tumor 
cells per ml of blood (B) . Actin served as RT-PCR 
positive control (actin) and, in the experiment without 
RT reaction, as negative control (actin 0RT) . The PCR 

35 amplification of genomic DNA of untransf ected T289 
cells with the specific primer pairs for hTRT, GFP and 
CD69 does not give rise to any amplification products. 
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b) Experiment according to the invention 

Fig. 9 shows RT-PCR analyses of the blood of 
healthy donors which had been mixed with tumor cells of 
5 a prostate carcinoma (A) and mamma carcinoma cell line 
(B) , applied as upper layer onto Percoll of a density 
of 1.065 g/ml, centrifuged and then analyzed. In 
contrast to when Percoll of a density of 1.070 g/ml was 
used, the RNA component of the telomerase (hTR) can not 

10 be detected in the unspiked blood (cf. Fig. 1). hTR can 
be detected in the samples with 2 spiked prostate 
carcinoma cells (A) and with 4 spiked mamma carcinoma 
cells (B) per ml of blood (black arrow) . In contrast to 
the melanoma cell line T289, an expression of the 

15 catalytic subunit (hTRT) could not (A) be detected in 
these tumor cells, or only at 10 4 tumor cells (B) . 
Neither the prostate-cell-specific marker PSA (Prostate 
Specific Antigene) nor the epithelial-cell-specific 
marker CK2 0 (Cytokeratin 20) can be detected in the 

20 corresponding tumor cells. Actin is used as RT-PCR 
positive control. 

Fig. 10 shows the recovery rates of GFP- 
transfected melanoma cells (T2 89) which had been 
admixed with blood samples of healthy donors (spiked) . 

2 5 The spiked blood samples were then applied as a layer 
onto Percoll of a density of 1.065 g/ml and 
centrifuged, and the number of reisolated tumor cells 
(recovery) was determined microscopically (-•-) and/or 
by flow cytometry (-A-) . Since only about 75% and 50% 

30 of the GFP-transf ected T289 cells could be detected in 
the flow cytometer for sample A and sample B, 
respectively, the recovery rates were corrected 
correspondingly. The recovery rate of spiked tumor 
cells depends on the blood donor in question (the blood 

35 samples of A) and B) originate from different donors) 
and the cell line used and is inversely proportional to 
the number of spiked tumor cells. It is possible for a 
rejection reaction of the corresponding hematopoietic 
cells to lead to lysis, aggregation and finally loss of 



+ % 

- 34 - 

the spiked allogenic tumor cells. In addition, B) shows 
that the number of the actual spiked tumor cells (-■-) 
is 6%»37% lower than the theoretical number of spiked 
tumor cells (-♦-) . 
5 Taking into account investigations with lung 

and mamma carcinoma cells, not shown here, an average 
recovery rate with the concentration method preferred 
according to the invention is 46% ± 20% for 4-512 
spiked cells (n=16) and 54% ± 20% (n=15) for < 50 

10 spiked cells. 

The recovery rate of the tumor cell 
concentration method which is preferred according to 
the invention is thus approximately in the range of 
magnetic cell separators such as MACS, for which the 

15 stated recovery rate is about 30-58%. 

2 . Cultivation and isolation of peripheral blood, 
tissue and cells for the examples below 

2 0 Tumor cell lines such as the human prostate 

carcinoma cell line LNcap and the teratocarcinoma cell 
line Tera 2 were cultured as recommended by the ATCC 
(American Tissue Culture Collection) . Venous blood 
donated by healthy control subjects was taken by 

2 5 puncture of a forearm vein in EDTA monovets® 
(Saarsted) . 

3 . Isolation of cellular RNA 

Total cellular RNA was isolated by standard 
30 methods [Chomczynski et al . (1987) Anal Biochem 162, 
156; Sambrook, J. et al . (1989). Cold Spring Harbor, 
New York, USA, Cold Spring Harbor Laboratory Press] . 
Peripheral blood was transferred and homogenized, as 
shown in Fig. 7, immediately after removal into RNA 
35 lysis buffer (4 M guanidinium isothiocyanate; 0.1 M 
Tris-HCl, pH 7.5; 1% mercaptoethanol) . The mixtures 
were either immediately processed further or stored at 
-70°C. 
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4. Reverse transcription and polymerase chain reaction 
(RT-PCR) 

The RT-PCR was carried out, as shown in Fig. 7, 
with the GeneAmp® RNA-PCR kit (Perkin Elmer) as 
5 specified by the manufacturer. Aliquots of the isolated 
total RNA from peripheral blood and cell lines were in 
each case previously hydrolyzed with 4U of DNase and 
40U of RNAse inhibitor (Boehringer, Mannheim) in 36 /zl 
mixtures (in 100 mM Tris-HCl, pH 8.3; 50 mM KC1; 5 mM 
10 MgCl 2 , 1 mM dNTP mix and 2.5 mM random hexamers) at 
37°C for 30 minutes and then at 75°C for 10 minutes and 
then the DNAse was inactivated at 90°C for 10 minutes 
and the reaction mixture was immediately stored in ice. 
'he two oligonucleotide primers: 

5' CTACCGG^AG AGTGTCTGGA GCAAGTTGCA AAGC 3' (hTRTl) and 
5' GGCATACCO& CGCACGCAGT ACGTGTTCTG 3' (hTRT2) 

were designee^ in accordance with the sequence, 
20 published by Na\amura et al. , coding for the catalytic 
subunit of humar\ telomerase (Nakamura et al . (1997). 
Science 277: 955-^ (Fig. 1) and synthesized using an 
Applied Biosystem 31B0A synthesizer. The specificity of 
the hTRTl and hTRT2 V primers was checked by computer- 

2 5 assisted analysis °f\ homology on the nucleic acid 

sequences in the GenBank, EMBL, DDBJ and PDB databases 
using BLASTN 1.4.9 MP [AYtschul, S. F. et al . (1990), J 
Mol Biol 215: 403-410]. \ 

For consistency of the amplified amounts, the 

3 0 same amounts of RNA were employed for the RT reaction 

in each experiment . In order to preclude contamination 
of the RNA preparations with genomic DNA, each RNA- 
containing sample hydrolyzed with DNAse was first 
subjected to the PCR described below and checked for 
3 5 amplification. The RNA-containing sample in which no 
amplification product was detectable was employed for 
the subsequent cDNA synthesis and PCR steps. 
Oligonucleotide primers for P-actin and TCR were 
employed as internal standard control (Fig. 6). The 
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reverse transcriptase reaction was carried out using 
18 /xl of the DNAse digest, with addition of 50 U MuLV 
reverse transcriptase and 40U RNAse inhibitor, at 42°C 
for 30 minutes, and the reaction was terminated at 99°C 
5 for 5 minutes. In the negative controls, 40 /il of water 
were added instead of the enzymes. 

The PCR was carried out, as shown in Fig. 7, on 
5 Ml of the cDNA reaction using the following program: 
(97°C: 15 seconds, preheating); (97°C: 15 seconds, 

10 70°C: 30 seconds [minus 0.5°C per cycle], 72°C: 
30 seconds) 10 cycles; (94°C: 15 seconds, 65°C: 
30 seconds [minus 0.5°C per cycle], ,72°C: 30 seconds) 
20 cycles; (94°C: 15 seconds, 50°C: 30 seconds, 72°C: 
30 seconds [plus 15 seconds extension per cycle] , 

15 10 cycles; (72°C: 7 minutes, final extension) . 

The amplification products were fractionated by 
gel electrophoresis on 1.5% TAE agarose gel, stained 
with ethidium bromide and visualized and recorded by 
photography under UV light (see Figs. 2-5). 

20 

5. Preparation of possible standard RNA nucleic acids 
(hTRTKa, hTRTKb and hTRTKc) 

The PCR amplification products intended for 
cloning can be fractionated by gel electrophoresis on 

25 1.5% TAE agarose and eluted (Qiagen) . The restriction 
hydrolysates can be purified by phenol /chloroform 
extraction and precipitated in salt and ethanol or by 
DNA purification (Qiagen) . The constructs can be 
created, for example, by ligating the fragments into 

3 0 the corresponding cleavage sites in a cloning and 
transcription vector, for example pGEM-13Zf ( + ) , using 
T4 ligase. This vector permits in vitro transcription 
of cloned fragments by use of Sp6 or T7 RNA polymerases 
as selected. Competent bacteria (XL-lBlue, Stratagene) 

35 are transformed by electroporation (BioRad) . Plasmid 
DNA is purified using plasmid purification kits 
(Qiagen) . Positive clones are validated using vector- 
or sequence-specific oligonucleotide primers with the 
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PCR. Sequence validation can be carried out for the 
constructs by semiautomatic sequence analysis. 

'he construct pGEM-hTRT is created as initial 
construct^ for the constructs pGEM-hTRT (Ka) 
pGEM-hTRT < JQ> ) and pGEM-hTRT ( Kc ) . pGEM-hTRT ( Ka ) pGEM- 
hTRT(Kb) arfd pGEM-hTRT (Kc ) differ from pGEM-hTRT and 
from one another by a randomized exchange of sequence 
of about 20 base pairs (bp) . The constructs are used 
for in vitro transcription with Sp6 RNA polymerase of 
the standard RN^: hTRT(Ka), hTRT(Kb) and hTRT(Kc). To 
form the construct pGEM-hTRT, the cDNA of the catalytic 
subunit of human \t el ome rase (Fig. 1) is cloned, for 
example, into the VfotI and Hindlll cleavage sites of 
pGEM-13Zf (+) . This \is achieved by carrying out an 
RT-PCR with these cleavage-site-containing 

oligonucleotide primei^s, which are derived from the 
sequence hTRT (Fig. 1) Aon the previously isolated RNA 
from tumor cells or \lines under the conditions 
described above. Thus, it\is possible, for example, to 
amplify the full-length hTRT with given cleavage sites, 
or a shorter fragment. AfteV a restriction hydrolysis 
with specific restriction enzymes, for example NotI and 
Hindlll, the fragment formeJa is cloned into the 
corresponding cleavage sites (&r example position 12 
or 38) of pGEM-13Zf( + ) and the Construct pGEM-hTRT is 
created. pGEM-hTRT (Ka) is constructed by replacing an 
about 2 0bp sequence in the construct pGEM-hTRT by an 
about 20bp cassette. This replacement is carried out by 
recombinant PCR and is a modification of the method 
described by Higuchi et al . [Higudhi, R. (1988). 
Nucleic Acid Res 16: 7351-7367; Higucti, R. (1990). 
M. Innis A. et al . Eds. San Diego, New Vork, Berkley, 
Boston, London, Sydney, Tokyo, Toronto, Academic Press, 
Inc. 177-183]. In a first step, two independent PCR 
reactions are carried out on pGEM-hTRT: the 
amplification product from the 1st PCR gives the 5' 
fragment and is digested with suitable restriction 
enzymes to give a 5' fragment. The amplification 
product from the 2nd PCR reaction gives the 3 ' fragment 
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ind is hydrolyzed with suitable restriction enzymes to 
ve a 3' fragment. Using T4 ligase, the cleavage sites 
of\ the 5' and 3' fragments are connected to give a 
fragment which is cloned into the corresponding 
5 cleavage sites of pGEM-13Zf (+ ) , to create the construct 
pGEM-OTRT ( Ka ) . pGEM-hTRT ( Kb ) and pGEM-hTRT ( Kc ) are 
constructed by replacing the about 2 0bp sequence, 
created above, in the construct pGEM-hTRT (Ka) , in each 
case withxa randomized sequence of about 20bp. RNA can 
10 then be produced in vitro from pGEM-hTRT (Ka) , pGEM- 
hTRT(Kb) and\pGEM-hTRT(Kc) with Sp6 RNA polymerase. The 
specific RMAs can then be detected with 
oligonucleotides 0(Ka), 0(Kb), 0(Kc) and W(wt) , which 
are complementary to the abovementioned about 20bp 
15 replacement sequences and to the wild-type sequence 
(wt) , respectively \ The further processing of the RNA, 
such as DNAse digessu_on, purification and calibration, 
is carried out by standard methods 

2 0 6. Results 

The investigations on tumor cell lines revealed 
that the mRNA which codes for the catalytic subunit of 
human telomerase was detectable in different amounts in 
tumor cell lines with the same amount amplified in the 

25 TCR or p-actin control reaction (Fig. 2, 4 and 5). It 
was possible to rule out contamination with genomic DNA 
in each case by a control reaction without addition of 
reverse transcriptase . 

In comparative investigations, using whole- 

30 blood cultivations of different durations, it was shown 
unambiguously that, after cultivation of the whole 
blood for 1-5 days, no more specific RT-PCR product of 
the catalytic subunit of human telomerase could be 
detected. In parallel, with increasing duration of the 

3 5 culture, the amount of specific TCR- and actin-RNA 

decreased much more slowly. The result of these 
cultivation investigations is that evidently 
contaminating telomerase-positive nontumor cells have 
died as early as between day 0 and day 1. 
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Furthermore , 



under 



the 



RT-PCR 



conditions 



described with differing amounts of telomerase-positive 
tumor cells, the catalytic subunit of human telomerase 
can be detected in up to 10 cells. 



purified RNA is used for amplification in the reverse 
transcriptase polymerase chain reaction (RT-PCR) method 
used according to the invention, an inhibition of Taq 
polymerase can be substantially excluded. In addition, 

10 for the RT-PCR method described, a sensitivity for the 
detection of the RNA component (hTR) and the catalytic 
subunit (hTRT) of telomerase of about 1 cell per RT-PCR 
mixture was demonstrated. Thus, the use of the RT-PCR 
method described offers a comparable or better 

15 sensitivity for the detection of telomerase-active 
tumor cells. Additionally, it was shown that the 
detection of hTR and hTRT expression correlates with 
the catalytic activity of telomerase (K. Yashima et 
al., J. Clin. Pathol. (1997), 50, 110-7). 



Since, in contrast to the TRAP assay, highly 



